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CdTe~100!/GaAs~100! and CdTe~111!/CdTe~111! layers grown by metalorganic vapor phase
epitaxy ~MOVPE! were investigated. The layers were recrystallized to improve their morphology by
scanning the surface with a 100 mm diameter spot from an Ar ion laser beam (l5514.4 nm).
Cathodoluminescence spectra from both as-grown and recrystallized CdTe MOVPE layers are used
to monitor the effect of the recrystallization procedure. The laser recrystallization results in
important changes on the spectral distribution of luminescence. Deep-level bands associated to
different defects are shown to be very sensitive to the laser recrystallization procedure. The effect
of the different substrates on the defect structure of the layers is also related to the changes observed
in the cathodoluminescence spectra. © 1997 American Institute of Physics.
@S0003-6951~97!01947-5#Metalorganic vapor phase epitaxy ~MOVPE! is a tech-
nique commonly used to grow CdTe layers on different lat-
tice mismatched substrates like Si, GaAs, sapphire, etc.1
These layers are used as substrates for subsequent epitaxial
growth of Hg12xCdxTe layers for infrared applications ~for
recent examples, see Refs. 2–5!. It is widely accepted that
the properties of CdTe MOVPE layers are strongly depen-
dent on several technological factors, among which the sub-
strate nature is one of the most important.6 In particular,
previous studies of CdTe/sapphire and CdTe/GaAs layers
grown by a low-temperature MOVPE have shown that the
as-grown layers have a low quality, rough surface due to
strain raised from the large lattice mismatch.6–8 To overcome
this problem, postgrowth laser recrystallization has been re-
cently proposed as a method to improve the surface morphol-
ogy of CdTe MOVPE layers.8 Nevertheless, it is still an open
question how the laser recrystallization procedure affects
other properties of the layers besides surface morphology.
Cathodoluminescence ~CL! microscopy has been shown
to be a very useful tool to characterize CdTe bulk crystals
submitted to different technological treatments like thermal
annealing,9–11 doping,12 or epitaxial overgrowth.13 The capa-
bility to obtain both spectral and spatial resolution allows us
to gain quite valuable information about the defect structure
of the material. Though bulk crystals have been extensively
studied by luminescence techniques, not so much work has
been done to characterize CdTe epitaxial layers. In this letter,
we report the results on cathodoluminescence studies of as-
grown and laser recrystallized CdTe/GaAs and CdTe/CdTe
MOVPE layers and show the effect of the laser recrystalli-
zation on the radiative defects contributing to the CL emis-
sion of the layers. The influence of the substrate on the be-
havior of the epilayers under laser irradiation is also
reported.
The samples investigated were CdTe~100! and
CdTe~111! layers grown on GaAs~100! and CdTe~111! sub-3096 Appl. Phys. Lett. 71 (21), 24 November 1997 0003-6951Copyright ©2001. Astrates by MOVPE. The layer thicknesses were in the range
4–10 mm. The MOVPE growth was carried out at 340 °C for
3–5 h using dimethylcadmium and diisopropiyl tellurium as
precursors. The recrystallization was carried out by scanning
the layer surface with a spot of 100 mm diameter from an Ar
ion laser beam (l5514.4 nm). The laser power and time of
irradiation were varied in the ranges 200–400 mW and 30–
120 s, respectively. Further experimental details on the laser
recrystallization procedure have been reported elsewhere.8
CL spectra were recorded in a Hitachi S2500 scanning
electron microscope at 80 K using an ADC Ge detector, from
both as-grown and recrystallized epilayers. The details of the
experimental setup for CL have been described elsewhere.14
As described in this latter work, CL spectra were recorded
under different excitation conditions of the electron beam to
account for the radiative centers present in a lower concen-
tration. Two different diffraction gratings were used to cover
the spectral range from 0.6 to 1.6 eV.
Figure 1 shows the effect of the laser recrystallization
procedure on the surface microrelief of the CdTe/GaAs
MOVPE layer. As shown in Fig. 1~a!, the as-grown surface
has a rough microrelief with features of 0.5–1 mm height,
which is typical for these layers.6 After the recrystallization
@Fig. 1~b!#, the surface morphology improves uniformly
within the entire layer area and the surface roughness de-
creases by a factor of 10. The recrystallized surface exhibits
submicrometer steps, which are similar to those observed
early on the surface of laser recrystallized CdTe/sapphire
MOVPE layers.8
CL spectra recorded from the as-grown and recrystal-
lized CdTe/GaAs MOVPE layers are shown in Fig. 2. Figure
2 shows the spectra recorded under high excitation density
conditions. The as-grown samples exhibit band-edge emis-
sion ~1.52 eV! along with several broadbands associated to
the different deep levels related to the defect structure. These
luminescence bands peaked at about 1.4, 0.93, 0.82, 0.77,/97/71(21)/3096/3/$10.00 © 1997 American Institute of Physicsll Rights Reserved.
and 0.66 eV, have been previously studied in CdTe bulk
crystals and attributed to different defect centers.12,15–18 The
highest relative intensity corresponds to the bands peaked at
1.4 and 0.66 eV. After laser recrystallization, a bright region
surrounding the irradiation spots are observed in the CL im-
ages. The most significant changes occurred in the spectral
distribution of cathodoluminescence consist of an increase of
the relative intensity of the 1.4 eV band attributed to acceptor
levels related to cadmium vacancies (VCd).18 Besides these
changes in the intensity of the 1.4 eV band, an increase of
the relative intensity of the 1.15 eV band attributed to VTe
~Ref. 18! is also observed. This last effect is more apparent
FIG. 1. Surface microrelief of a CdTe MOVPE layer grown on a GaAs
substrate: ~a! as-grown and ~b! after laser recrystallization.
FIG. 2. CL spectra recorded under high excitation conditions of the electron
beam from the as-grown and recrystallized CdTe/GaAs MOVPE layers in
the spectral range of ~a! 0.6–1.0 eV ~1300–2000 nm! and ~b! 1.0–1.6 eV
~800–1300 nm!. The inset shows the spectrum recorded after laser treatment
under low excitation conditions of the electron beam for the high-energy
region.Appl. Phys. Lett., Vol. 71, No. 21, 24 November 1997 Copyright ©2001. Awhen the spectra are recorded under low excitation density
conditions of the electron beam ~Fig. 2, inset!.
In the low-energy region of the spectrum, an intensity
decrease of the bands peaked at 0.66, 0.82, and 0.93 eV is
accompanied by the quenching of the 0.77 eV band. A simi-
lar quenching effect has already been reported for CdTe bulk
crystals submitted to ion-beam irradiation.19 The mechanism
proposed in that work to explain the changes induced by ion
irradiation involves cadmium vacancies as well as extended
defects. Cd atoms displaced from their sites by the incident
ions would be forced to diffuse searching for a new equilib-
rium position at a cadmium vacancy. The extended defects
present in the material would constitute a favorable hopping
path for Cd atoms. As suggested in Ref. 15, a plausible can-
didate to explain the 0.77 eV emission is a center involving
some impurity in the Cd site. Hence, partial filling of Cd
vacancies would hamper the formation of these centers with
the subsequent decrease in the emission. Also, impurity get-
tering at the interface during the recrystallization process
would lead to a lower concentration of impurities in the layer
and then to a lower probability of formation of these centers.
In our case, CL images recorded from nonirradiated as well
as irradiated areas reveal the existence of dark spot features
associated with the presence of dislocations, which would
serve as preferential diffusion paths. Additionally, diffusion
of Cd atoms would be enhanced by the laser irradiation.
To bring out the substrate effect, CdTe/CdTe MOVPE
epitaxial layers were also investigated. Though no lattice
mismatch is present, the surface roughness is even higher
than that observed for CdTe/GaAs epilayers @Fig. 3~a!#. This
rough surface might be caused by thermal strains at the sub-
strate area due to the low thermal conductivity of CdTe,
which would magnify any temperature inhomogeneity in the
FIG. 3. Surface microrelief of a CdTe MOVPE layer grown on a CdTe
substrate: ~a! as-grown and ~b! after laser recrystallization.3097Ferna´ndez et al.ll Rights Reserved.
MOVPE reactor.6 The presence of Te precipitates already
reported for this material9 could also play an important role
in the apparition of the mentioned strains.6 As shown in Fig.
3~b!, laser irradiation in the same conditions described for
CdTe/GaAs epilayers causes a strong damage in the CdTe/
CdTe epilayers, while outside the irradiated area the relief
remains unchanged. These differences are also evident from
the CL spectra. Figure 4 shows the spectra recorded under
high excitation density conditions of the electron beam, both
before and after laser treatment. Only two peaks, 0.77 eV
and band-edge emission, are observable. In nonirradiated ar-
eas, no additional bands were revealed by decreasing the
excitation density, suggesting a very low intensity of any
other emission. However, after irradiation, the different
deep-level bands already observed for the CdTe/GaAs
sample become apparent when low excitation conditions are
used ~Fig. 4, insets!. The irradiation caused a strong increase
of the 0.8–1.0 eV emissions, while no VCd related peak ~1.4
eV! is observed. Also, the quenching of the 0.77 eV is not so
dramatic as in the layers deposited onto GaAs. These results
resemble those obtained for CdTe bulk crystals annealed in
cadmium vapor, in which the relative intensity of the 1.4 eV
band is very low while the bands in the 0.8–1.0 eV range
exhibit the highest intensity.20 This similarity between the
spectra from irradiated CdTe/CdTe layers and Cd vapor an-
nealed CdTe bulk crystals reinforces our hypothesis about
the relation of the 0.77 eV emission with impurity atoms
either as substitutional atoms or as complex centers involv-
ing cadmium vacancies. The fact that the intensity of the
0.77 eV band does not change drastically, in contrast to the
observations made in CdTe/GaAs layers, could be explained
by the partial filling of Cd vacancies with Cd atoms hopping
from the substrate, since part of the favorable sites for Cd
diffusion are already occupied, subsequent laser irradiation
would not enhance Cd diffusion significantly and no drastic
changes in the 0.77 eV emission should be expected.
In summary, we have shown that under similar laser
irradiation conditions, surface morphology and luminescence
properties of the epitaxial layers grown on GaAs change dra-
matically, while the properties of the layers grown on CdTe
maintain practically unmodified except in severely damaged
FIG. 4. CL spectra recorded under high excitation conditions of the electron
beam from the as-grown and recrystallized CdTe/CdTe MOVPE layers in
the spectral range of ~a! 0.6–1.0 eV ~1300–2000 nm! and ~b! 1.0–1.6 eV
~800–1300 nm!. In both cases, the insets show the spectra recorded after
laser irradiation by decreasing the excitation density of the electron beam.3098 Appl. Phys. Lett., Vol. 71, No. 21, 24 November 1997 Copyright ©2001. Aregions. The striking differences observed in both kinds of
samples are explained by differences in the thermal conduc-
tivity of the substrates. Laser induced recrystallization seems
to be a good procedure to improve the surface quality of
epilayers when the thermal conductivity of the substrate is
moderately high ~as GaAs in this work!. However, when low
thermal conductivity substrates ~e.g., CdTe! are used, the
local damage induced by the laser irradiation is too severe,
and no bettering of the surface is achieved.
Cathodoluminescence spectra enable us to study the ef-
fect of laser recrystallization as well as the influence of the
substrate on the defect structure of CdTe layers. To account
for it, mechanisms involving diffusion of cadmium atoms
and partial filling of cadmium vacancies are suggested.
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